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(54) Abstract Title 

Seat belt retractor 

(57) A seat belt retractor is controlled in consideration of 
the condition of the vehicle regarding whether the vehicle 
is rolling over, a brake of the vehicle is pressed hard, or the 
vehicle is turning sharply. A CPU (42) judges the condition 
of the vehicle based on a detection signal and drives an 
electric motor (40) depending on the result of the 
judgement. The rotation of the electric motor (40) causes a 
drive side gear clutch (30), a clutch plate (33), and a lever 
member (35a) to rotate together. As the rotation of the 
lever member (35a) is stopped, the drive side gear clutch 
(30) and the clutch plate (33} rotate conversely to each 
other so that the clutch plate (33) shifts axially to engage 
with the driven side gear clutch(32). As a result, the 
rotation of the electric motor <40) causes the gear holder 
(26) and the reel shaft (4) to rotate. In this way, the belt 
tension of the seat belt is controlled corresponding to the 
condition of the vehicle. 
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VEHICLE OCCUPANT RESTRAINT SYSTEM 

Background of the Invention 

Detailed Descri ption of the Preferred Embodiments 

The present invention relates to an occupant restraint system using a seat 
5 belt to protect an occupant, installed in a vehicle such as a passenger vehicle and, 
more particularly, to an occupant restraint system which securely restrains and 
protects an occupant by detecting an object in proximity to the vehicle in front, 
rear, left and right sides, or the driving condition of the vehicle, such as rolling 
over, emergency braking, or sharp turning, and adjusting the belt tension 
10 depending on the condition of the vehicle relative to the object or the condition 
of the vehicle. 

A seat belt device conventionally equipped in a vehicle protects an occupant 
by restraining and preventing an occupant from being thrown out from a vehicle 
seat in an emergency, such as when the vehicle is significantly decelerated upon 
15 impact. 

Such a seat belt device is equipped with a seat belt retractor that winds up 
a seat belt. The seat belt retractor has a tension provider, such as a spiral spring, 
constantly biasing a reel shaft to wind up the seat belt in the direction of winding 
up the belt. Due to the biasing force by the tension provider, the seat belt is 
20 always wound on the reel shaft when it is not in use. When worn by an 
occupant, the seat belt is pulled out against the biasing force of the tension 
provider, and retrains the occupant. In this case, the biasing force of the tension 
provider is set to be small so that the occupant will not feel constrained and 
permitting the belt to be pulled out easily to allow the occupant to move 
25 comfortably. 

The seat belt retractor is also provided with a lock to prevent the reel shaft 
from unwinding the seat belt in emergency as mentioned above. Thus, the lock 
activates at the time of emergency to prevent the seat belt from being unwound, 
thereby securely restraining and protecting the occupant. 
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Such conventional seat belt devices have a substantially constant belt tension 
applied to the seat belt while in use, by the force of the tension provider. The 
seat belt retractor thus operates in the same manner regardless of the condition of 
the vehicle relative to the nearby object, or of the driving condition of the vehicle, 
such as rolling over, emergency braking, or sharp turning. Therefore, the 
conventional seat belt device securely restrains and protects the occupant in an 
emergency as mentioned previously; however, a more comfortable seat belt device 
is desired during normal driving conditions. 

Summary of the Invention 

What is sought here is improved efficiency of occupant protection and 
comfort by controlling the seat belt retractor, with consideration given to the 
condition of the vehicle relative to nearby objects and/or to the driving condition 
of the vehicle. 

The present invention was devised considering such situations, and an 
object of the present invention is to provide an occupant restraint system which 
is able to protect an occupant more efficiently and conformably by controlling the 
seat belt retractor in consideration of the condition of the vehicle relative to a 
nearby object and/or to the driving condition of the vehicle. 

For solving the problems of the prior art as mentioned above, the invention 
relates to a vehicle occupant restraint system for protecting an occupant by 
preventing the unwinding of a seat belt when necessary, using a seat belt retractor 
comprising a reel shaft on which the seat belt is wound up, a frame supporting 
both ends of the reel shaft in such a manner that the shaft can rotate freely, and 
a lock located between the frame and the reel shaft which permits the reel shaft 
to rotate in normal conditions but prevents the reel shaft from rotating to unwind 
the seat belt when necessary. The occupant restraint may comprise a belt tension 
control mechanism controlling the rotation of the reel shaft; an object detector for 
detecting an object in proximity to the vehicle; and a central processing unit for 
determining the condition of the vehicle relative to the objects based on a 
detection signal from the object detector and controlling the belt tension control 
mechanism based on a result of the determination, to control the belt tension of 



the seat belt to a predetermined tension depending on the condition of the vehicle 
relative to the object. 

Another aspect of the invention relates to a vehicle occupant restraint 
system having an object detector, which is any one of a front object detector, a 
side object detector capable of detecting objects on at least one side of the vehicle 
and a rear object detector. 

Yet another aspect of the invention relates to a vehicle occupant restraint 
system that has a predetermined number of modes that are set depending the 
vehicle's relative position to an object. Preset values of the belt tension are set 
for each mode. Those modes can be, generally, a comfort mode where the preset 
value of the belt tension is set at 0, a precautionary mode where the preset value 
of the belt tension is set at a first predetermined level; and a warning mode where 
the preset value of the belt tension is set at a second predetermined level greater 
than the first predetermined level. 

Those modes can also be four modes, namely, a comfort mode where the 
preset value of the belt tension is set at approximately 0, a precautionary mode 
where the preset value of the belt tension is set at a first predetermined level, a 
warning mode where the preset value of the belt tension is set at a second 
predetermined level greater than the first predetermined level, and an emergency 
mode where the preset value of the belt tension is set at a third predetermined 
level greater than the second predetermined level. 

The vehicle restraint system can further comprise a vehicle condition 
detector which detects any of the conditions of the vehicle, whether the vehicle 
is rolling over, a brake of the vehicle is pressed hard, or the vehicle is turning 
sharply. In this case, the central processing unit determines the condition of the 
vehicle relative to the object based on the detection signal from the object detector 
and controls the tension of the seat belt to a predetermined tension based on the 
result of the determination. 

The vehicle occupant restraint system can also protect an occupant by 
preventing the unwinding of a seat belt when necessary, using a seat belt retractor 
comprising a reel shaft on which the seat belt is wound up, a frame supporting 
both ends of the reel shaft in such a manner that the shaft can rotate freely, and 
a lock located between the frame and the reel shaft. The lock permits the reel 



shaft to rotate in normal conditions but prevents the reel shaft from rotating to 
unwind the seat belt when necessary. The occupant restraint system can further 
comprise: a belt tension control mechanism controlling the rotation of the reel 
shaft, a vehicle condition detector to detect the conditions of a vehicle whether the 
vehicle is rolling over, a brake of the vehicle is pressed hard, or is turning 
sharply, and a central processing unit which determines the condition of the 
vehicle based on a detection signal from the vehicle condition detector and 
controls the belt tension control mechanism based on a result of the determination, 
to control the belt tension of the seat belt to a predetermined tension 
corresponding to the condition of the vehicle. The number of modes can be 
set depending on the condition of the vehicle, and preset values of the belt 
tension. The number of the modes can be three, namely, a comfort mode where 
the preset value of the belt tension is set at 0, a precautionary mode where the 
preset value of the belt tension is set at a first predetermined level and a warning 
mode where the preset value of the belt tension is set at a second predetermined 
level. The number of the modes can be four, namely, a comfort mode where the 
preset value of the belt tension is set at 0, a precautionary mode where the preset 
value of the belt tension is set at a first predetermined level, a warning mode 
where the preset value of the belt tension is set at a second predetermined level 
greater than the first predetermined level, and an emergency mode where the 
preset value of the belt tension is set at a third predetermined level greater than 
the second predetermined level. 

The belt tension control mechanism can comprise a motor controlled by the 
central processing unit and a gear transferring mechanism for transferring the 
driving force of the motor to the reel shaft. 

The motor of the belt tension control mechanism can be a DC motor, a 
stepping motor or an ultrasonic motor, which is controlled by the central 
processing unit to stop rotating thereby preventing the rotation of the reel shaft 
when the electricity is off even when the reel shaft is applied with a rotational 
force lower than a predetermined value, and to rotate the reel shaft when the 
electricity is on. 

In a vehicle occupant restraint system according to the present invention as 
structured above, the object detector detects an object in proximity to the vehicle, 



and outputs an object detection signal to the central processing unit. The central 
processing unit, based on the signal, for example, calculates the relative speed and 
the relative distance of the vehicle to the object, and the safe distance 
therebetween. The central processing unit can further judge whether the object 
is stationary or moving, whether the object is a following vehicle or an oncoming 
vehicle; if the object is moving, whether the vehicle will collide with the object, 
whether the collision can be avoided based on the acquired data. The central 
processing unit, based on this judgment, can activate the belt tension control 
mechanism. Thus, the tension of the seat belt is set to the predetermined level 
depending on the condition of the vehicle relative to the object. 

Therefore, the seat belt retractor can be controlled in consideration of the 
condition of the vehicle relative to the object, and restrain and protect an occupant 
in case of an emergency effectively, while providing more comfort to the 
occupant at other times. 

In the vehicle occupant restraint system of the present invention, the vehicle 
condition detector detects the condition of the vehicle whether the vehicle is 
rolling over, a brake of the vehicle is pressed hard, or the vehicle is turning 
sharply, and outputs a vehicle condition detection signal to the central processing 
unit. The central processing unit judges the condition of the vehicle based on this 
signal, and activates the belt tension control mechanism based on this judgment. 
Thus, the belt tension control mechanism operates as mentioned above, and 
rotates the reel shaft, thereby controlling the belt tension of the seat belt to the 
predetermined level depending on the condition of the vehicle. 

Further, in the vehicle occupant restraint system of the present invention, 
the object detector inputs the object detection signal, and the vehicle condition 
detector outputs the vehicle condition detection signal to the central processing 
unit. Thus, the belt tension control mechanism operates as mentioned above, and 
rotates the reel shaft, thereby controlling the tension of the seat belt to the 
predetermined level depending on the condition of the vehicle relative to the 
object or the condition of the vehicle generally. 

Therefore, the seat belt retractor can be controlled in consideration of the 
condition of the vehicle relative to nearby objects and the condition of the vehicle 



generally, and further efficiently restrains and protects an occupant in case of 
emergency, while providing more comfort to the occupant at other times. 

Particularly, the predetermined modes can be set, depending on the 
condition of the vehicle relative to the object Also, the predetermined modes can 
be set depending on the condition of the vehicle relative to the object. As the 
preset belt tension level can be set for each mode, the occupant in case of an 
emergency is restrained and protected safely but simply. 

Brief Description of the Drawings 

Fig. 1 shows a cross-sectional view of one example of the seat belt retractor 
used in the first embodiment of the occupant restraint system of the present 
invention; 

Fig. 2 shows a right side view of the Fig. 1 before the seat belt lock is 
assembled; 

Fig. 3 shows a right side view of Fig. 1 after some elements of the seat belt 
lock have been assembled; 

Fig. 4 shows a right side view of Fig. 1 in which some other elements and 
a deceleration sensor are assembled, in addition to the seat belt lock; 

Fig. 5 shows a left side view of Fig. 1; 

Fig. 6 shows a sectional view taken along line VI- VI in which the teeth of 
the driven side gear and the teeth of the clutch plate are not engaged; 

Fig. 7 shows a view for explaining mounting positions of the front object 
detection sensors; 

Fig. 8 A shows a sectional view of the light source and Fig. 8B shows a 
sectional view of the light receiving part, schematically showing a state in which 
the object detection sensor is adhered to the front windshield; 

Fig. 9 A shows a plan view of the belt tension control mechanism and 
Fig. 9B shows a sectional view, corresponding to Fig. 6, in which the teeth of the 
driven side gear and the teeth of the clutch plate are engaged, schematically 
showing the belt tension control mechanism in non operation; 

Fig. 10A shows a plan view of the belt tension control mechanism and 
Fig. 10B shows a sectional view, corresponding to Fig. 6, in which the teeth of 



the driven side gear and the teeth of the clutch plate are engaged, schematically 
showing a part of the belt tension control mechanism in operation; 

Fig, 1 1 A shows a plan view of the belt tension control mechanism and 
Fig. 11B shows a sectional view, corresponding to Fig. 6, in which the teeth of 
the driven side gear and the teeth of the clutch plate are engaged, schematically 
showing another part of the belt tension control mechanism in operation; 

Fig. 12 shows a view for explaining the modes for the occupant restraint 
system; 

Fig. 13 shows a view schematically showing the control block of the 
occupant restraint system; 

Fig. 14 shows a view showing the operational timing for the occupant 
restraint system; 

Fig. 15 A shows a schematic partial view of the left side of a vehicle, and 
Fig. 15B shows a sectional view taken along line XVB-XVB of Fig. 15A, for 
explaining mounting positions of the left and right object detection sensors used 
in another embodiment of the present invention; 

Fig. 16 shows a perspective view for explaining the mounting position of 
the behind object detection sensor used in another embodiment of the present 
invention; 

Fig. 17 shows a view for explaining the modes for the occupant restraint 
system relative to an object behind the vehicle; 

Fig. 18 shows a perspective view showing further another embodiment of 
the present invention, with parts being partially broken away; 

Fig. 19A shows a view of the roll-over detection sensor in non operation, 
Fig. 19B shows a view of it in operation, explaining the operation of the roll-over 
detection sensor as shown in Fig. 18; and 

Fig. 20 shows a view for explaining another operation of the roll-over 
detection sensor. 

Detailed Description of Preferre d Embodiments 



Hereinafter, embodiments will be described with reference to the drawings. 



Fig. 1 is a cross-sectional view of one example of a seat belt retractor used 
in a first embodiment of an occupant restraint system of the present invention; 
Fig. 2 is a right side view of the Fig. 1 before a seat belt lock is assembled; 
Fig. 3 is a right side view of Fig. 1 after some elements of the seat belt lock have 
been assembled; Fig. 4 is a right side view of Fig. 1 where some other elements 
and a deceleration sensor are assembled, in addition to the seat belt lock; and Fig. 
5 is a left side view of Fig. 1. 

As shown in Fig. 1 , the seat belt retractor 1 has a U-shaped frame 2 having 
a right -wall 2a and a left wall 2b. A reel shaft 4 for winding up a seat belt 3 is 
located between the right and left walls 2a and 2b of the frame 2. A seat belt 
lock 5 and a deceleration sensor 6 (shown in Fig. 4) are fixed to the right wall 
2a. When the deceleration sensor 6 detects the deceleration of the vehicle, it 
activates the seat belt locking mechanism 5. Further, a belt tension control 
mechanism 7 and a tension provider 8 for providing tension force to the real 
shaft 4 to wind up the seat belt 3 are fixed to the left wall 2b. 

As shown in Figs. 1 and 2, the reel shaft 4 has a ratchet wheel 9 on its 
right end. The ratchet wheel 9 is located outside the right wall 2a, The right 
wall 2a is provided with a pawl 10 which is pivotally mounted by a pin 11 on a 
lower left portion thereof. The pawl 10 has an engaging portion 10a integrally 
at the tip thereof, in such a shape that it can engage or release one of external 
teeth 9a of the ratchet wheel 9. A predetermined number of the external teeth 9a 
are arranged around the ratchet wheel 9, one surface of which faces the direction 
a of unwinding the seat belt 3 (hereinafter, referred to as the seat belt unwinding 
direction 0) has a relatively gradual slope, and the other surface of which faces 
the direction 0 of winding the seat belt 3 (hereinafter, referred to as the seat belt 
winding direction (3) is set formed approximately perpendicularly. In addition, 
the pawl 10 is provided with a protruded cam follower 10b near the tip thereof. 
The ratchet wheel 9 and the pawl 10 constitute a lock mechanism 5 of the present 
invention. 

As shown in Figs. 1 and 3, there is a tie plate 12 to support the pin 11, and 
the tie plate 12 is also fitted with the right end 4a of the reel shaft 4 at the further 
right of the ratchet wheel 9. 



A seat belt locking mechanism 5 is also well-known in the art as shown in 
Figs. 1, 3, and 4, and comprises a lock ring 13 rotatably mounted to the right end 
4a of the reel shaft 4; a retainer 14 fixed to the right end 4a; a carrier 15 engaged 
to the retainer 14 in a such way that it can slide only in one of directions 
tangential to the retainer 14 (i.e. a vertical direction in Fig. 3); a spiral spring 16 
which is compressed between the retainer 14 and the carrier 15; a disk member 
17 supported in a maimer that it can rotate relative to the shaft portion of the 
retainer 14; a ring member 18 installed around the disk member 17 in a manner 
that it can rotate relative to the disk member 17, and a ring-like spring 19 
disposed between the disk member 17 and the ring member 18. 

The lock ring 13 is provided with a predetermined number of internal teeth 
13a, 13a, .... formed around the inner periphery thereof. One surface of the 
internal teeth 13a facing the seat belt unwinding direction ct is set formed 
approximately perpendicularly and the other surface facing the seat belt winding 
direction 0 has a relatively gradual slope. The lock ring 13 is provided with a 
cam hole 13b through which the cam follower 10b of the pawl 10 are inserted. 
Thus, when the lock ring 13 rotates in the seat belt unwinding direction the 
cam follower 10b, guided by the cam hole 13b, shifts from one end of the cam 
hole 13b, as shown in Fig. 3, to the other end. As a result, the pawl 10 rotates 
and moves the engaging portion 10a from a non-engaging position where the 
engaging portion 10a is located apart from the external teeth 9a of the ratchet 
wheel 9 to an engaging position where one of the teeth 9 will engage and be 
locked by the engaging portion 10a. 

The retainer 14 is provided with guide pins 14a, 14b and a spring receiver 
14c which supports one end of the spiral spring 16 which project from the surface 
thereof. 

The carrier 15 is provided with: a hole 15a cut in a radial direction; a 
relatively large opening 15b in the center; a slot 15c cut in a axial direction and 
positioned on the same diameter of the opening 15b; a spring receiver 15d which 
supports the other end of the spring coil 16; an engaging protuberance 15e formed 
on the periphery of the carrier 15 which is able to engage with one of internal 
teeth 13a of the lock ring 13; and a protruding pin 15f. The guide 14a is inserted 
through the hole 15a and the guide 14b is inserted through the slot 15c. The 



guides 14a and 14b introduce the carrier 15 so that the carrier 15 slides itself only 
in one of directions tangential to the retainer 14 and the lock ring 13 (i.e. the 
vertical direction in Fig. 3). The carrier 15 is usually kept at a non-engaging 
position where the engaging protuberance 15e is free from the internal teeth 13a 
due to the spring force of the spiral spring 16, and moves to an engaging position 
where the engaging protuberance 15e engages and stops the internal teeth 13a 
when the carrier 15 shifts relative to the lock ring 13. 

The disk member 17 has elongated holes 17a and 17b parallel to its 

r 

circumference, through which the guides 14a and 14b are inserted, and a round 
hole 17c through which the pin 15f is inserted. 

The ring member 18 is provided with a predetermined number of external 
teeth 18a, 18a, .... around the periphery thereof, one surface of which faces the 
seat belt unwinding direction a has a relatively gradual slopes, and the other 
surface faces the seat belt winding direction fi is shaped approximately 
perpendicularly. 

The disk member 17 and the ring member 18 normally rotate as an integral 
unit because of the ring-like spring 19, but move relative to each other when a 
moment greater than a specific magnitude is applied to them in opposing 
directions. The disk member 17 and the ring member 18 constitute an inertial 
member. 

< 

Each member constituting the seat belt lock 5 is prevented from slipping out 
by a cap 20 fitted on the right end 4a. 

The deceleration sensor 6 is also well known in the art. As shown in 
Fig. 4, the deceleration sensor 6 comprises a case unit 21 to be attached to the 
right wall 2a, an inertial member 22 which tilts forward (left side in Fig. 4) when 
the vehicle slows down, and an engaging lever 23 pivotally accommodated in the 
case unit 21. The engaging lever 23 is provided with an engaging part 23a, 
capable of engaging with one of the external teeth 18a of the ring member 18, at 
the tip thereof. As illustrated in Fig. 4, the inertial member 22 remains upright 
and the engaging lever 23 is held at a non-engaging position, with the engaging 
pan 23a away from the external teeth 18a under normal conditions. When the 
vehicle is decelerated at a rate exceeding a predetermined rate, the engaging lever 
23, the inertial member tilting forward so that the engaging lever 23 pivots 
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towards the ring member 18, thereby positioning the engaging part 23a to the 
engaging position to engage and stop the external teeth 18a. 

As shown in Fig. 1, the drive shaft 24 is engaged, with a left end 4b of the 
reel shaft 4 using a spline type connector and thus rotates together with the reel 
shaft 4 as an integral unit. 

As shown in Figs. 1, 5, and 6, the belt tension control mechanism 7 
comprises: a casing 25 to be attached to the left wall 2b; a gear holder 26 having 

a predetermined number of engaging teeth 26a, 26a, on its outer surface and 

fixed to the drive shaft 24 inside the casing 25; a friction lever 27 is fixed to the 
casing 25 in such a way that the friction lever 27 is capable of pivoting around 
a pivotal axis 27a as one end of the friction lever 27; a friction plate 28 is 
pivotally fixed to a support shaft 27b as the other end of the friction lever 27; a 
rotation shaft 29 rotatably supported by the casing 25; a drive side gear clutch 30 
supported by the rotation shaft 29 in such a way that it is able to slide in the axial 
direction of and unable to rotate relative to the rotation shaft 29; a driven side 
gear clutch 32 supported by the rotation shaft 29 not to rotate relative to the 
rotation shaft 29; a clutch plate 33 also supported by the rotation shaft 29 in such 
a way that it is able to slide in the axial direction of and unable to rotate relative 
to the rotation shaft 29; a clutch spring 34 compressed between the driven side 
gear clutch 32 and the clutch plate 33; a lever member 35 supported around the 
surface of the clutch plate 33 in such a manner that it is able to rotate relative to 
the clutch plate 33; a ring-shaped spring clutch 36 set between the clutch plate 33 
and the lever member 35; a U-shaped spring 37 between the lever member 35 and 
the friction lever 27; a first gear transfer mechanism 38 connecting an electric 
motor 40 to be mentioned later and the drive side gear clutch 30; a second gear 
transfer mechanism 39 connecting the driven side gear clutch 32 and the gear 
holder 26; and the electric motor 40. 

As illustrated in Fig. 9A to be described later, a return spring 54 is 
compressed between the friction lever 27 and the casing 25. Therefore, the 
friction lever 27 is always biased in counter-clockwise direction in Fig. 9 A due 
to the small spring force of the return spring 54. 

As shown in Fig. 5, the friction plate 28 is roughly formed in a fan-shape, 
one end of which has an arc portion 28a and a radial projection 28b. The arc 



portion 28a and one side of the projection 28b can become in contact with a 
larger circumference 24a of the drive shaft 24. Fig. 9A shows a return spring 55 
compressed between the friction plate 28 and the casing 25. Therefore, the 
friction plate 28 is always biased in counter-clockwise direction in Fig. 9A due 
to the small spring force the return spring 55. Thus, one side of the radial 
projection 28b, under normal conditions, is held in contact with the larger 
circumference 24a* The larger circumference 24a of the drive shaft 24 and the 
friction plate 28 constitute the belt tension detector. The friction plate 28 is 
constantly given a small downward force by the return spring 54 through the 
friction lever 27 in Fig. 9A. 

As detailed in Fig. 6, the drive side gear clutch 30 is provided with a 
predetermined number of teeth 30a around the outer periphery thereof, and these 
teeth 30a are engaged with the teeth of the last toothed wheel of the first gear 
transfer mechanism 38. In this way, the driving force of the electric motor 40 is 
transferred to the drive side gear clutch 30. The driven side gear clutch 32 is 
provided with a predetermined number of teeth 32a around the outer periphery 
thereof, and these teeth 32a are engaged with the teeth of the last toothed wheel 
of the second gear transfer mechanism 39. In this way, the driving force of the 
driven side gear clutch 32 is transferred to the gear holder 26. 

Further, the driven side gear clutch 32 and the clutch plate 33 have clutch 
teeth 32b and clutch teeth 33a formed on the facing surfaces thereof, respectively. 
These clutch teeth 32b and 33a engage with each other when the clutch plate 33 
shifts towards the driven side gear clutch 32, thereby transferring the driving 
force of the clutch plate 33 to the driven side gear clutch. 

Further, the rotation shaft 29 and the drive side gear clutch 30 have a cam 
surface 29a and a cam surface 30b which are formed on the surfaces thereof 
facing the clutch plate 33, respectively, and form an eccentric cone-shaped 
concave. The clutch plate 33 has an arch-shaped protrusion 33b formed on a 
surface facing the drive side gear clutch 30. The clutch plate 33 is biased towards 
the drive side gear clutch 30 by the spring force of the clutch spring 34 so that 
the protrusion 33b is always in contact with the cam surface 30b. The cam 
surface 30b, as shown in Fig. 6 under normal conditions, keeps the clutch plate 
33 at the farthest distance from the driven side gear clutch 32, by the force of the 
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clutch spring 34, and keeps both the clutch teeth 32b and 33a in a non-engaged 
position. When the drive side gear clutch 30 rotates in the seat belt unwinding 
direction relative to the clutch plate 33, the cam surface 30b slides the clutch plate 
33 toward the driven side gear clutch 32 to engage the clutch teeth 32b and 33a. 
The cam surface 30b further transfers the rotating force of the drive side gear 
clutch 30 in the seat belt unwinding direction to the clutch plate 33 so that the 
clutch plate 33 rotates in the same direction. 

As shown in Fig. 5, the lever member 35 is provided with an arm 35a. 
The arm 35a comes in contact with the support shaft 27b of the friction lever 27, 
when the lever member 35 rotates in the seat belt unwinding direction. The arm 
35a is provided with an engaging part 35b formed on the tip thereof in a manner 
that the engaging part 35b is capable of engaging one of the teeth 26a of the gear 
holder 26. The arm 35a is provided with a spring supporting projection 35c next 
to the engaging part 35b thereof. The clutch plate 33 and the lever member 35 
rotate together in a normal state because of the spring clutch 36, but rotate 
conversely each other when angular moments opposed each other greater than a 
predetermined magnitude are applied to the clutch plate 33 and the lever member 
35, respectively. 

One end of the U-shaped spring 37 is supported by the spring supporting 
projection 35c of the lever member 35 and the other is supported by the support 
shaft 27b of the friction lever 27. The U-shaped spring 37 prevents the arm 35a 
from swaying. The U-shaped spring 37, as shown in Fig. 9A, biases the arm 35b 
to keep the arm 35a apart from the gear holder 26 when the spring supporting 
projection 35c of the arm 35a is on the opposite side of the gear hole relative to 
the line g in the figure connecting the rotating axis of the lever member 35 and 
the middle of the pivotal axis 27a of the friction lever 27. The U-shaped spring 
37 on the other hand, biases the arm 35a toward the gear holder 26 when the 
spring supporting projection 35c is on the side of the gear holder 26 relative to 
the line g, as shown in Figs. 10A and 11 A. 

The pivoting of the arm 35a away from the gear holder 26, as shown in 
Fig. 9A, is restricted by a stopper 53. Thus, even if the spring supporting 
projection 35c is on the other side of the gear holder 26 relative to the line g, and 
even if the arm 35a is biased away from the gear holder 26 by the U-shaped 
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spring 37, the stopper 53 blocks the arm 35a from further pivoting away from the 
gear hold. 

The electric motor 40 of the belt tension control mechanism 7 is installed 
in the frame 2. The driving force of the electric motor 40 is transferred to the 
drive side gear clutch 30 by way of the first gear transfer mechanism 38. The 
driving force of the electric motor 40 is further transferred to the gear holder 26 
through the clutch plate 33, the driven side gear clutch 32, and the second gear 
transfer mechanism 39 when the teeth 32b of the driven side gear clutch 32 and 
the teeth 33a of the clutch plate 33 are engaged with each other. 

The tension provided 8 is also well known in the art and the reel shaft 4, 
as illustrated in Fig. 1, is biased in the seat belt winding direction /S by a spiral 
spring 41 through the drive shaft 24. 

Further, the electric motor 40, as shown in Fig. 1, is connected to a central 
processing unit (hereinafter referred to as CPU) 42, consisting of a 
microcomputer or the like. A front object detection sensor 43, a belt tension 
detection sensor 67, a buckle switch 69, and a vehicle speed sensor 70 are all 
connected to the CPU 42. 

As shown in Fig. 7, the front object detection sensors 43 are installed in 
predetermined positions P, P on a front windshield 46 at the cabin side, for 
example, near a rear view mirror 44, next to an instrument panel 45, or in a 
wiper covering area. In this embodiment of the present invention, the front object 
detection sensor 43 is of an optical sensor type. The front object detection sensor 
43, as shown in Figs. 8A and 8B, comprises a sensor casing 48 adhered to the 
front windshield 46 with an adhesive 47, a light source which emits light in front 
of the vehicle, and a light receiver which receives reflected light from objects in 
front. The light source has a lamp (LED or LD) 49 to emit light and a lens 50 
which collects the light from the lamp 49 and irradiates it toward the front of the 
vehicle. The light receiver comprises a lens 51 for collecting the reflected light 
from objects and an optical sensor (PSD) 52 which receives the reflected light 
from the lens 51 to convert the reflected light into an electrical signal to transmit 
to the CPU 42. The front object detection sensor 43 detects objects in front of 
the vehicle, and transmits the object detection signal to the CPU 42. 
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Also, the belt tension detection sensor 67 detects the tension applied to the 
seat belt 3 while in use, and transmits the detection signal to the CPU 42. 
Further, the buckle switch 69 detects whether the seat belt is worn or not; i.e. it 
detects the connection of a buckle and a tongue, and transmits the detection signal 
to the CPU 42. The vehicle speed sensor 70 detects the speed of the vehicle, and 
transmits the detection signal to the CPU 42. 

The front object detection sensor 43 is not limited to be an optical sensor 
and instead of this, other object detector using, for example, radio waves, such 
as millimeter waves, ultrasonic waves, or image recognition may be employed. 
More than one front object detection sensor 43 may be installed, and the front 
objection sensor 43 may be constructed to scan left to right and top to bottom* 

The operation of the seat belt retractor of the above description will be 
described below. 

I. Operation of The Belt Tension Control Mechanism 7 

When the CPU 42 judges that the operational requirements of the belt 
tension control mechanism 7 are met, upon the object detection signal transmitted 
from the front object detection sensor 43, the CPU 42 operates the electric motor 
40 to rotate in either the seat belt unwinding direction a or the winding direction 
/?, depending on the operational requirements. 

When the electric motor 40 rotates in the unwinding direction a, the drive 
side gear clutch 30 and the clutch plate 33, by way of the first gear transfer 
mechanism 38, both rotate in the same direction a from the state shown in 
Figs. 9A and 9B. As the clutch plate 33 rotates, the lever member 35 rotates in 
the direction a, the same direction as that of the clutch plate 33. Then, the arm 
35a of the lever member 35 becomes to contact with the support shaft 27b of the 
friction lever 27 as shown in Fig. 10A. As the spring supporting projection 35c 
has moved over the line g to the side of the gear holder 26 at this point, the arm 
35a is biased in the same direction a by the spring force of the U-shaped spring 
37. 

The arm 35a of the lever member 35 further rotating in the direction oc 
causes the friction lever 27 to pivot around the pivotal axis 27a in the unwinding 
direction a against the spring forct of the return spring 54. With the pivotal 
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movement of the friction lever 27 in the unwinding direction a, the support shaft 
27b pivots in the same direction, causing the friction plate 28 to move upward as 
shown in Fig, 10A so that the arc portion 28a of the friction plate 28 comes in 
contact with the larger circumference 24a of the drive shaft 24. Thus, the 
rotations of the lever member 35 and of the clutch plate 33 are stopped. 

However, even though the rotation of the clutch plate 33 is stopped, the 
drive side gear clutch 30 is still free to rotate further in the unwinding 
direction a. The cam surface 30b of the drive side gear clutch 30 and the cam 
surface 29a of the rotation shaft, therefore, press the rotation shaft 29 and the 
protrusion 33b towards the driven side gear clutch 32. Thus, both the rotation 
shaft 29 and the clutch plate 33 slide toward the driven side gear clutch 32, 
thereby causing the teeth 33a of the clutch plate 33 to engage the teeth 32b of the 
driven side gear clutch 32. The clutch plate 33 and the driven side gear clutch 
32 are connected in this way. 

When the driving force of the electric motor 40 becomes greater than the 
frictional resistance of the clutch plate 33 created by the spring clutch 36, the 
driving force of the electric motor 40 is transferred to the driven side gear clutch 
32 by way of the clutch plate 33 because the clutch plate 33 and driven side gear 
clutch 32 are connected. The driving force, further, is transferred to the gear 
holder 26 through the second gear transfer mechanism 39. As a result, the gear 
holder 26 rotates in the unwinding direction a, causing the drive shaft 24 and the 
reel shaft 4 to rotate in the same direction a. This is how the seat belt 3 is 
unwound- 

With the rotation of the larger circumference 24b of the drive shaft 24 in 
the unwinding direction a, the friction created between the larger circumference 
24b and the arch portion 28a causes the friction plate 28 to pivot clockwise 
against the spring force of the return spring 55 as shown in Fig. 1 1A. As the 
pivotal movement of the friction plate 28 causes the arc portion 28a to detach the 
larger circumference 24b, the friction plate 28 in Fig. 11A becomes free to move 
further upward. Thus, the lever member 35 also rotates further in direction a, 
causing the engaging part 35b of the arm 35a to engage one of the teeth 26a of 
the gear holder 26. When the electric motor 40 stops by a timer or the belt 
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tension detection sensor 67, the rotation of the reel shaft 4 in direction a also 
stops, thereby stopping the unwinding of the seat belt 3. 

When the unwinding of the seat belt 3 is stopped, the driving force of the 
electric motor 40 will not be transferred to the lever member 35, as the driving 
of the electric motor 40 is suspended. However, since the arm 35a, in this state, 
is biased in the direction for the engaging part 35b to engage with one of the teeth 
26a, the engagement between the engaging part 35b and one of the teeth 26a is 
held. 

Also in this state, the force of the tension provider 8 is not transferred to 
the seat belt 3, as the reel shaft 4 is blocked from rotating in either the unwinding 
direction oc or the winding direction 0. Therefore, the seat belt 3 is held in a 
tensionless state. 

Upon releasing the engagement between the engaging part 35b and the cog 
26a, the CPU 42 turns on the electric motor 40 in the winding direction /3. As 
the drive side gear clutch 30 rotates in the winding direction j3 when the motor 
is turned on, the protrusion 33b of the clutch plate 33, guided by the cam surface 
30b, shifts in the axial direction. As a result, the engagement between the teeth 
33a and 32b are released, thereby releasing the connection of the clutch plate 33 
and the driven side gear clutch 32. Subsequently, the drive side gear clutch 30, 
the driven side gear clutch 32 and the clutch plate 33 return to the same state as 
shown in Fig. 9B. 

Also, with the electric motor 40 further driving in the winding direction 0, 
the drive side gear clutch 30 rotates in the same direction /?. As the rotation of 
the drive side gear clutch 30 causes the clutch plate 33 to rotate in the same 
direction j3, the lever member 35 rotates in the direction for its arm 35a to 
separate from the gear holder 26. As a result, the engaging part 35b disengages 
from the teeth 26a, leaving the gear holder 26 free to rotate. Thus, the force 
from the tension provided 8 is transferred to the seat belt 3 through the reel 
shaft 4. 

When the lever member 35 further rotates to the same direction and the arm 
35a comes into contact with the stopper 53, the drive of the electric motor 40 
stops. Since the spring supporting projection 35c is positioned opposite to the 
gear holder 26 relative to the line g in this state, the arm 35a is held in contact 
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with the stopper 53 by the spring force of the U-shaped spring 37. The belt 
tension control mechanism 7, in this way, return to the initial state as shown in 
Fig. 9A. 

On the other hand, when the electric motor 40 drives in the winding 
direction 0 from the state of the seat belt retractor 1 as illustrated in Figs 9A and 
9B, the drive side gear clutch 30 and the clutch plate 33, through the first gear 
transfer mechanism 38, attempt to rotate in the same direction 0 from the state 
as illustrated in Figs 9A and 9B. However, as the arm 35a of the lever member 
35 is in contact with the stopper 53, the clutch plate 33 and the lever member 35 
are prevented from rotating in the direction 0. 

Although the clutch plate 33 is prevented from rotating in the direction 0, 
the drive side gear clutch 30 further rotates in the winding direction 0. The cam 
surface 30b of the drive side gear clutch 30 and the cam surface 29a of the 
rotation shaft press the rotation shaft 29 and the protrusion 33b towards the driven 
side gear clutch 32. Thus, both the rotation shaft 29 and the clutch plate 33 slide 
toward the driven side gear clutch 32, thereby making the teeth 33a of the clutch 
plate 33 to engage the teeth 32b of the driven side gear clutch 32. The clutch 
plate 33 and the driven side gear clutch 32 are connected in this way. 

When the driving force of the electric motor 40 becomes greater than the 
frictional resistance of the clutch plate 33 created by the spring clutch 36, the 
driving force of the electric motor 40 is transferred to the driven side gear clutch 
32 by way of the clutch plate 33, because the clutch plate 33 and driven side gear 
clutch 32 are connected. The driving force, further, is transferred to the gear 
holder 26 through the second gear transfer mechanism 39. As a result, the gear 
holder 26 rotates in the unwinding direction 0, causing the drive shaft 24 and the 
reel shaft 4 to rotate in the same direction 0. This is how the seat belt 3 is 
wound up. Thus, the seat belt 3 is tensioned by the winding force of the electric 
motor 40. When the belt tension reaches a predetermined level, the CPU 42 
stops the drive of the electric motor 40. 

As the electric motor 40 stops, no winding force by the drive of the electric 
motor 40 is transferred to the reel shaft 4 and no resistance against the unwinding 
direction a is caused so that the reel shaft 4 gradually rotates in the unwinding 
direction a by the biasing force of the tension provider 8, thereby gradually 



-18- 



reducing the belt tension applied to the seat belt 3. The belt tension of the seat 
belt 3 becomes finally equal to the level of the force provided by the tension 
provider 8. 

IL When the belt tensio n control mechanism 7 does not operate to rotate the reel 
shaft in the seat belt unwinding direction oc: 

In this state, the friction lever 27, the friction plate 28, and the lever 
member 35 are positioned as shown in Fig. 9A. Therefore, the arc portion 28a 
of the friction plate 28 is spaced apart from the larger circumference 24a of the 
drive shaft 24, and the side of the radial projection 28b of the friction plate 28 is 
in contact with the larger circumference 24a. The engaging part 35b of the lever 
member 35, further, is at a non-engaging position away from the teeth 26a of the 
gear holder 26. The arm 35a is held in contact with the stopper 53 which 
prevents the arm from further rotating in the direction away from the gear holder 
26. 

Thus, seat belt retractor will operate normally as a conventional seat belt 
retractor. 

(i> Normal condition where the vehicle is not decelerated at a rate exceeding the 

predetermined rate: 

In this state, the deceleration sensor 6 does not operate, and the seat belt 
retractor 1 is positioned as shown in Fig. 1 or Fig. 4. In such state, the engaging 
part 23a of the engaging lever 23 is in a non-engaging position away from the 
external teeth 18a of the ring member 18, and the engaging portion 10a of the 
pawl 10 is also in a non-engaging position from the external teeth 9a of the 
ratchet wheel 9. Therefore, the reel shaft 4 can rotate freely in this state, and the 
seat belt 3 is biased in the winding direction /? by the tension provider 8 through 
the drive shaft 24. 

Where the seat belt 3 is not in use 

In this state, the tongue (not shown) attached to the seat belt 3 and the 
buckle member (not shown) are not engaged. Therefore, the seat belt 3 is wound 
up by the reel shaft 4 by the biasing force of the tension provider 8. 
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Where the seat belt 3 is unwound 

When an occupant pulls out the seat belt 3 to wear it, the reel shaft 4 
rotates in the unwinding_direction a against the force of the tension provider 8. 
Thus, the seat belt 3 can be unwound freely. 

Where the occupant does not touch the seat belt 2 after engaging the tongue 
tp the buckle 

When the occupant engages the tongue and the buckle member, the seat belt 
is pulled out longer than the length required when properly fitted. Therefore, 
when the occupant lets go the seat belt 3 after engaging, the seat belt 3 is wound 
up by the force of the tension provider 8 until the belt fits the body of the 
occupant. At this time, the seat belt is tensioned only by the force of the tension 
provider 8. However, when the vehicle starts moving and becomes to travel at 
a predetermined speed (10-20 km/h) as described later, the belt tension control 
mechanism 7 operates, and the seat belt 3 is held in the tensionless state without 
any tension applied to the seat belt 3 (in case of comfort mode to be mentioned 
later). 

Where the seat belt 3 is not in use after the engagement between the tongue 
and buckle members is released 

When the occupant releases the engagement between the tongue and buckle 
members of the seat belt 3 to take off the belt, the belt tension control mechanism 
7 is deactivated after receiving a buckle release signal from the buckle switch 69. 
The seat belt 3 is wound up onto the reel shaft 4 by the force of the tension 
provided 8, as in the state when the seat belt is not in use, 

(ii) Seat belt condition where th e vehicle is decelerated at a rate ex ceeding the 
predetermined rate: 

When the vehicle is decelerated at a rate exceeding the predetermined rate 
during traveling by emergency braking, the seat belt lock 5 is activated. As a 
first step, the inertial member 22 tilts forward, making the engaging lever 23 to 
pivot toward the ring member. The engaging part 23a of the engaging lever 23 
is therefore moved to engage the external teeth 18a of the ring member 18. 
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Meanwhile, as the occupant moves forward because of the deceleration, the seat 
belt 3 is pulled out. With the pulling out of the seat belt 3, the reel shaft 4, the 
ratchet wheel 9, the retainer 14, the carrier 15, the disk member 17 and the ring 
member 18 all rotate in the seat belt unwinding direction a. As the external teeth 
18a of the ring member 18 immediately engage the engaging part 23a, the rotation 
of the disk member 17 and the ring member 18 in the seat belt unwinding 
direction a is stopped. 

As the occupant tends to move forward, the seat belt 3 is further pulled out, 
and the reel shaft 4, the ratchet wheel 9, the lock ring 13 and the retainer 14 all 
rotate in the seat belt unwinding direction a. Thus, the retainer 14 and the disk 
member 17 relatively rotate in opposing directions, making the carrier 15 to shift 
towards the radial direction (upward in Fig. 3) guided by the guides 14a and 14b. 
The shift of the carrier 15 causes the engaging protuberance 15e of the carrier 15 
to engage the internal teeth 13a of the lock ring 13. When the moment in the 
unwinding direction a applied to the disk member 17 exceeds the spring force of 
the ring-like spring 19 by further pulling out the seat belt 3, the carrier 15 and the 
disk member 17 rotate in the unwinding direction a. 

The rotation of the carrier 15 in the unwinding direction a causes the 
engaging protuberance 15e to engage one of the internal teeth 13a, thereby 
rotating the lock ring 13 in the unwinding direction a. The rotation of the lock 
ring 13 in the unwinding direction a moves the cam follower 10b of the pawl 10 
with the cam follower 10b being guided the cam hole 13b. With the movement 
of the cam follower 10b, the pawl 10 pivots toward the ratchet wheel 9 to bring 
the engaging portion 10a of the pawl 10 close to the engaging position with the 
external teeth 9a. With further pivotal movement of the reel shaft 4 and the 
ratchet wheel 9 in the unwinding direction a, the engaging portion 10a engages 
one of the external teeth 9a. As a result of this, the rotation of the reel shaft 4 
and the ratchet wheel 9 is stopped, thereby preventing the seat belt 3 from being 
unwound. In this manner, the occupant can be securely restricted and protected 
by the seat belt 3. 

riii) Seat belt condition when pulled out rapidlv: 
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When the seat belt 3 is pulled out quite rapidly relative to the normal speed, 
the reel shaft 4, ratchet wheel 9, and retainer 14 all rotate in the unwinding 
direction a rapidly. However, the inertial member comprising the disk member 
17 and the ring member 18 does not keep up with the rapid rotation, causing an 
operational delay. The operational delay causes the relative rotation between the 
retainer 14 and the disk member 17. In the same manner as the emergency 
braking, the relative rotation makes the carrier to move in a radial direction so 
that the engaging portion 15a engages one of the external teeth 9a of the ratchet 
wheel. Accordingly, the rotation of the reel shaft 4 is stopped so as to prevent 
the seat belt 3 from being unwound. 

When the belt tension control mechanism 7 is in non-operational state, 
whether the reel shaft 4 rotates either in the unwinding direction a or the winding 
direction 0, each wheel of the second gear transfer mechanism 39 and the driven 
side gear clutch 32 still rotate together with the reel shaft 4. Since the clutch 
teeth 32b and the clutch teeth 33a are not engaged, each wheel of the first gear 
transfer mechanism 39 and the electric motor 40, however, do not rotate together 
with the reel shaft 4. 

III. Where the belt tension control mechanism 7 operates to rotate the reel shaft 
in the unwinding direction a: 

In this case, since the gear holder 26 is stopped as shown in Fig. 11 A, the 
reel shaft 4 rotates neither in the unwinding direction a nor the winding 
direction /?. Therefore, regardless of the operation of the deceleration sensor 6, 
the seat belt 3 is prevented from being unwound. Even when the vehicle 
decelerated at a rate which activates the deceleration sensor 6, the occupant can 
be securely restricted and protected by the seat belt 3. 

The occupant restraint system according to this embodiment is capable of 
selectively operating in four modes in controlling the winding and unwinding of 
the seat belt 3. As shown in Fig. 12, the four modes comprises a comfort mode, 
a precautionary mode, a warning mode, and an emergency mode. 

In the comfort mode, the winding force for the seat belt 3 is set to 0 kgf in 
the operation of the system. In this mode, the winding force for the seat belt 3 
by the tension provider 8 is canceled by driving the electric motor 40 in the seat 
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belt unwinding direction a. That is, the tension to the seat belt 3 is canceled so 
that the seat belt 3 is set in the tensionless state. In this embodiment, three 
conditions set for operating the occupant restraint system in the comfort mode are: 
(1) that no object is detected; (2) that a detected object never get closer; and (3) 
that even when a detected object tends to get closer, the occupant has enough time 
for avoiding the object, or the occupant is already avoiding the object. 

It is decided that one of the conditions of comfort mode is met when no 
object detection signal is outputted from the front object detection sensor 43, 
when the difference between the vehicle speed and the speed of the object i.e. the 
relative speed between the vehicle and the object is 0 or less, i.e. the relative 
speed < 0, if the object detection signal is outputted from the front object 
detection sensor 43, or when no other mode is set. The occupant restraint system 
is operable to set the comfort mode after a predetermined period (for example 3-5 
seconds) from when it is decided that one of the conditions of comfort mode is 
met. 

For setting the occupant restraint system in the comfort mode, with the 
occupant sitting up straight in the vehicle seat and wearing the seat belt 3, as a 
first step, the CPU 42 drives the electric motor 40 to rotate in the winding 
direction after a predetermined period from when the vehicle speed exceeds the 
predetermined speed. The rotation of the electric motor 40 causes the seat belt 
3 to be wound up until the belt fits the body of the occupant. In this state, the 
CPU 42 sets the initial condition upon deciding whether the occupant restraint 
system is in the normal condition and checking whether the occupant is sitting up 
straight. After that, the CPU 42 drives electric motor 40 to rotate in the 

unwinding direction to cancel the winding force of the tension provider 8 to make 

the seat belt 3 in the tensionless state. In this way, the occupant restraint system 

is set in the comfort mode. 

For setting the occupant restraint system in the comfort mode from the 

other mode, after a predetermined period from when one of the conditions of the 

comfort mode is met, the seat belt 3 is wound up for a time and then the comfort 

mode is set in the same way as mentioned above. 

When the seat belt 3 is pulled out due to the movement of the occupant in 

the state that the system is set in the comfort mode, the seat belt 3 is applied with 
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the force of a memory spring built in the gear holder 26. The force is set to 0.5 
kgf or less. When the occupant returns to the original position, the force of the 
memory spring is canceled to return the seat belt 3 in the tensionless state- 
In the precautionary mode, the belt tension of the seat belt 3 is set to a 
tension produced only by the force (for example, 0.50 kfg) of the tension 
provider 8. That is, the belt tension is not under the influence of the winding 
force by the driving force of the electric motor 40. Two conditions set for 
operating the occupant restraint system in the comfort mode are: (1) that the 
occupant is wearing or taking off the seat belt 3; and (2) that, when a detected 
object tends to get closer during the vehicle runs at a speed more than 10-20 
km/h, the occupant has not enough time for avoiding the object. 

For deciding that one of the conditions is met, the first condition is judged 
by detecting whether the engagement between the tongue and the buckle is 
accomplished or released. That is, a detecting sensor is installed in at least either 
of the tongue or the buckle so as to judge whether the engagement between the 
tongue and the buckle is accomplished or released, by an output signal from the 
detecting sensor. 

On the other hand, the second condition is judged by deciding whether the 
vehicle speed Vs is more than 10-20 km/h (Vs > 10-20 km/h). When it is 
decided that the vehicle speed Vs is more than 10-20 km/h, the relative distance 
Dr and the relative speed Vr between the vehicle and the object in the front-rear 
direction are obtained from the object detection signal from the front object 
detection sensor 43. Where the vehicle speed Vs is higher than the relative speed 
Vr and the relative speed Vr is positive (Vs > Vr > 0), (i) it is decided that the 
object is a vehicle running ahead of the vehicle in the same direction and the 
relative distance tends to be shorten, i.e. case of follow driving. In addition, 
where the vehicle speed Vs is less than the relative speed Vr, (ii) it is decided that 
the object is a stationary or an oncoming vehicle. 
In case of (i) above, i.e.. follow driving: 

The safe distance Ds from the vehicle running ahead of the vehicle when 
the vehicle is decelerated at the same deceleration d (for example 4-6 m/sec 2 ) is 
obtained by Expression 1 as follows: 
Expression 1 
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Ds « Vs • Td - d • Td 2 + De 
Vs: Vehicle Speed 
Ds: Safe Distance between Vehicles 
Td: Response Delay of Driver (0.5-1.0 sec.) 
d: Preset Deceleration (e.g. 4-6 m/sec 2 ) 
De: First Preset Margin Distance (e.g. 5m) 
When the relative distance Dr is less than the safe distance Ds (Dr < Ds), 
it is decided that the two conditions are met. 
In case of fii) above, i.e.. stationary or oncoming vehicle: 

The safe distance Ds from the stationary or oncoming vehicle when the 
vehicle is decelerated at the same deceleration d is obtained by Expression 2 as 
follows: 
Expression 2 

Ds = Vs ■ Td - Vr 2 / 2d + De 
Vs: Vehicle Speed 
Ds: Safe Distance from object 
Td: Response Delay of Driver (0.5-1.0 sec.) 
d: Preset Deceleration (e.g. 4-6 m/sec 2 ) 
De: First Preset margin Distance (e.g. 5m) 
When the relative distance Dr is less than the safe distance Ds (Dr < Ds), 
it is decided that the two conditions are met. 

As it is decided that one of the conditions of the precautionary mode is met, 
the occupant restraint system is operated in the precautionary mode. 

For setting the occupant restraint system in the precautionary mode, the 
CPU 42 drives the electric motor 40 to rotate in the winding direction after a 
predetermined period from when it is decided that one of the conditions of the 
precautionary mode is met. Therefore, the seat belt 3 is tensioned only by the 
winding force of the tension provider 8. After that, the CPU 42 stops electric 
motor 40. In this way, the occupant restraint system is set in the precautionary 
mode. 

In the warning mode, the seat belt 3 is applied with first preset belt tension 
(for example, 2-3 kgf) by winding the seat belt 3 with the driving force of the 
electric motor 40 in operation of the system. The first preset belt tension is set 
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to a load so that the occupant feels a sense of pulling out the seat belt 3 and the 
occupant is allowed to moves forward to some degree. In such a way, by 
straightening up the occupant body, the system provides an effect of keeping the 
occupant awake. Furthermore, as the occupant feels a sense of pulling out the 
seat belt 3, the occupant can know a warning by feeling in the body in addition 
to a normal warning devices such as an alarm or a warning lamp as described 
later. 

Moreover, in the warning mode, the occupant is called attention by an 
alarm, a warning lamp, or the both. The condition for operating the occupant 
restrictive protection system in the warning mode is 1. that the detected object 
tends to get closer and immediate movement of the occupant to avoid the object 
is necessary. 

A method of deciding whether the condition for operating in the warning 
mode is met is substantially the same. The safe distance Ds is obtained using 
Expressions 1 and 2. When the safe distance Ds is more than the relative 
distance Dr, it is decided that the condition 1 is met. In this warning mode, 
however, a second preset margin distance (e.g. 2 m) shorter than the first preset 
margin distance (e.g. 5 m) of the safe distance Ds for the precautionary mode is 
used instead of first preset margin distance used in Expressions 1 and 2 to obtain 
the safe distance Ds. As it is decided that the condition for the warning mode is 
met, the occupant restraint system is operated in the warning mode. 

For setting the occupant restraint system in the warning mode, the CPU 42 
drives the electric motor 40 to slowly rotate in the winding direction in the same 
way of the precautionary mode after sounding the alarm and/or turning on the 
warning lamp. Therefore, the seat belt 3 is tensioned by the winding force of the 
tension provider 8. After that, the CPU 42 stops electric motor 40. In this way, 
the occupant restraint system is set in the warning mode. 

In the emergency mode, the seat belt 3 is applied with a second preset belt 
tension (for example, greater than 5 kgf) greater than the first preset belt tension 
by winding the seat belt 3 with the driving force of the electric motor 40 in 
operation of the system. The second preset belt tension is set to a load so that the 
occupant feels the tension of the seat belt 3 tightly and the lap portion of the seat 
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belt is wound up to some degree. Moreover, in the emergency mode, the 
occupant is called attention by an alarm, a warning lamp, or the both. 

The condition for operating the occupant restrictive protection system in the 
emergency mode is 1. that the occupant can not avoid a collision with the detected 
object. 

For deciding whether the condition is met, it is first decided whether the 
vehicle speed Vs is higher than 10-20 km/h. When the vehicle speed Vs is higher 
than 10-20 km/h (Vs > 10-20 km/h), the relative speed Vr and the relative 
distance Dr between the vehicle and the object are obtained from the object 
detecting signal from the front object detection sensor 43. On the other hand, a 
distance (Vr • Ts) converted with a predetermined completion time Ts (e.g. 0.3 
sec.) of the system based on the relative speed Vr is obtained. There is a third 
preset margin distance De* (for example, 2m), then the sum (Vr ■ Ts + De*) of 
the converted distance (Vr - Ts) of the completion time Ts and the third preset 
margin distance De' is obtained. Whether a vehicle as the object is running ahead 
of the vehicle or not, when the relative speed Vr is less than the sum (Vr • Ts 
+ De') (i.e. Vr < Vr ■ Ts + De'), it is decided that the condition for the 
emergency mode is met. As it is decided that the condition for the emergency 
mode, the occupant restraint system is set in the emergency mode. 

For setting the occupant restraint system in the emergency mode, the CPU 
42 drives the electric motor 40 to rapidly rotate in the winding direction to wind 
up the seat belt 3 rapidly after sounding the alarm and/or turning on the warning 
lamp. The winding-up speed is set to be less than the unwinding speed of the seat 
belt by a normal pretentioner. Therefore, the seat belt 3 is applied with the 
second preset belt tension by the driving force of the electric motor 40. After 
that, the CPU 42 stops electric motor 40. In this way, the occupant restraint 
system is set in the emergency mode. 

Fig. 13 is a block diagram of the belt tension control mechanism 7 
according to this embodiment. 

As shown in Fig. 13, the control block of the belt tension control 
mechanism 7 comprises mainly 4 blocks: a sensor unit 56; an input arithmetic unit 
57; a control unit 58; and a control object and sensor part 59. 
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The sensor unit 56, which detects an object, comprises a plurality of lamps 
49 (LED or LD) of the front object detecting sensor 43 (Fig. 7), an optical sensor 
(PSD) 52, a light-source-side development logic circuit 60, and 
light-receiving-side pre-amplifiers 61. The lights from the lamps 49 are reflected 
by the object and then received by the optical sensor (PSD) 52- The optical 
sensor 52 converts the reflected lights to an electric signal which is then amplified 
through the pre-amplifiers 61 and transfen-ed to the input arithmetic unit 57 

The sensor unit 56 is set with a measuring distance to be 30-50 m apart 
from the object, a detected angle to be ±30°, and beams from the lamps 49 
capable of being fixed or scanned. It should be noted that the above values are 
not limited so that various values may be set for the sensor unit 56. 

The input arithmetic unit 57 comprises a timing controller 62, auto gain 
controllers 63, an analog-to-digital (A/D) converter 64, and an arithmetic unit 65. 
The timing controller 62 receives a control signal form the control unit 58 and 
transmits the control signals for turning on the lamps 49. The gain of the electric 
signal of the reflected lights from the sensor unit 56 is controlled by the auto gain 
controllers 63 and is converted to a digital signal by the A/D converter 64. The 
arithmetic unit 65 computes vectors of the position and speed of the object based 
on the electric signal of the reflected lights which is converted to the digital 
signal, computes the relative speed, relative distance, safe distance, and distance 
corresponding to the system completion time, and transfers them to the control 
unit 58. 

The control unit 58 comprises a CPU control unit 66. The CPU control 
unit 66 transfers a control signal to the timing controller 62 and the arithmetic 
unit 65 to detect an object by using an object detecting algorithm stored therein. 
The CPU control unit 66 also decides which mode is set for the relation between 
the vehicle and the object, by using the object detecting algorithm based on each 
data of the object, a seat-belt worn signal, a vehicle speed signal which are sent 
from the arithmetic unit 65. The CUP control unit 66 transfers the control signal 
to the control object and sensor part 59 to be in the decided mode, in view of the 
belt tension signal from the control object and sensor 59 pan. 

The control object and sensor part 59 comprises a belt tension detecting 
sensor 67, a seat belt retractor mechanism 68 including the electric motor 40, a 
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buckle switch 69, and a vehicle speed sensor 70. The belt tension detecting 
sensor 67 detects the belt tension of the seat belt 3 (Fig. 1) and outputs a 
detection signal to the control unit 58, The seat belt retractor mechanism 68 is 
activated by the control signal from the control signal 58 to control the belt 
tension of the seat belt 3. Furthermore, the buckle switch 69 outputs the seat-belt 
worn signal to the control unit 58 when the occupant wears the seat belt 3 by 
engaging the tongue and the buckle. The vehicle speed sensor 70 detects the 
vehicle speed of the vehicle to output the vehicle speed signal to the control unit 
58. 

Fig. 14 shows an operational timing of the occupant restraint system. 
As shown in Fig. 14, as the occupant sits in the seat of the vehicle and 
engages the tongue to the buckle to wear the seat belt 3, the buckle switch is 
turned on. In this state, the belt tension is 0.5 kgf which is decided by the 
tension provider 8. As the vehicle is started and accelerated to make its^speed to 
10 km/h, the vehicle speed sensor 70 is turned on. 

After a predetermined period from when the vehicle speed sensor 70 is 
turned on, the electric motor 40 slowly rotates in the winding direction 0 for a 
time, thereby winding up the seat belt 3. When the belt tension reaches about 2-3 
kgf, the electric motor 40 is stopped. Accordingly, the belt tension is gradually 
reduced. After a short period from when the electric motor 40 is stopped, the 
electric motor 40 slowly rotates in the unwinding direction a. Therefore, the belt 
tension is relatively quickly reduced and the biasing force of the tension provider 
8 is canceled to be 0 kgf, making the seat belt in the tensionless state. As the 
seat belt is in the tensionless state, the electric motor 40 is stopped. In this way, 
the occupant restraint system is set in the comfort mode. In the comfort mode, 
the gear holder 26 is held so that the seat belt 3 is held in the tensionless state. 
During normal driving, thet>ccupant restraint system is held in the comfort mode. 

When the occupant moves to pull out the seat belt 3 in the comfort mode, 
the seat belt 3 is applied with the biasing force of the memory spring built in the 
gear holder 26. The biasing force is set to be less than 0.5 kgf. As the occupant 
come to a standstill, the seat belt 3 is wound up until the biasing force becomes 
0 kgf by the tension provider 8 so that the seat belt becomes in the tensionless 
state again. 
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When one of the conditions for operating in the precautionary mode is met, 
the electric motor 40 slowly rotates in the winding direction /S after the 
predetermined period. In this case, the hold of the gear holder 26 is canceled by 
a slight rotation of the electric motor 40. The reel shaft 4 is biased by the tension 
provider 8, thereby canceling the comfort mode. As the holed of the gear holder 
26 is canceled, the electric motor 40 is stopped* Therefore, the seat belt 3 is 
tensioned only by the force of the tension provider 8. In this way, the occupant 
restraint system is set in the precautionary mode. In the precautionary mode, 
since the belt tension is produced only by the force of the tension provider, the 
seat belt 3 is retained in this belt tension even when the electric motor 40 is 
stopped. 

When the condition for operating in the warning mode is met, the electric 
motor 40 slowly rotates in the winding direction 0 after the predetermined period. 
The seat belt 3 is thus further tensioned by the driving force of the electric motor 
40. As the belt tension reaches the first preset belt tension (2-3 kgf), the electric 
motor 40 is stopped. In this way, the occupant restraint system is set in the 
warning mode. In the warning mode, since the electric motor 40 is stopped and 
the gear holed 26 is not held, the belt tension is gradually reduced. The belt 
tension of the seat belt 3 becomes finally equal to the level of the force provided 
by the tension provider 8. 

When the condition for operating in the emergency mode is met, the 
electric motor 40 rapidly rotate^ in the winding direction 0 after the 
predetermined period. The seat belt 3 is thus further tensioned by the driving 
force of the electric motor 40. As the belt tension reaches the second preset belt 
tension (greater than 5 kgf), the electric motor is stopped. In this way, the 
emergency mode is set. In the emergency mode, since the electric motor 40 is 
stopped and the gear holed 26 is not held in the same way as the warning mode, 
the belt tension is gradually reduced. The belt tension of the seat belt 3 becomes 
finally equal to the level of the force provided by the tension provider 8. 

When one of the conditions for operating in the comfort mode is met again 
during the system operates in other mode, for example a case where the 
possibility of collision is eliminated, the occupant restraint system is set in the 
comfort mode in the same way as described above. 
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When the condition for operating in the warning mode is met during the 
comfort mode, the condition for operating in the emergency mode is met during 
the comfort mode, or the condition for operating in the emergency mode is met 
during the precautionary mode, the electric motor 40 is driven to further rotate 
in the winding direction 0 and the system is set in the warning mode or the 
emergency mode. 

When one of the conditions for operating in the precautionary mode is met 
during the warning mode or the emergency mode, since the motor is stopped and 
the belt tension is thus produced only by the force of the tension provider 8 in the 
warning mode or the emergency mode as well as the precautionary mode, the 
system is set in the precautionary mode without rotation of the electric motor 40. 

When the condition for operating in the warning mode during the 
emergency mode, since the belt tension is produced only by the force of the 
tension provider 8 in the emergency mode, the electric motor 40 is driven to 
rotate in the winding direction /S. In the same manner as setting in the 
precautionary mode, the electric motor 40 is stopped when the belt tension 
reaches the first preset belt tension. 

When the occupant stops the vehicle and releases the engagement between 
the buckle and the tongue, the condition for operating in the precautionary mode. 
Therefore, in the same manner as setting the precautionary mode mentioned 
above, after the predetermined period, the electric motor 40 is driven to slowly 
rotate in the winding direction 0 for a slight period of time, thereby canceling the 
hold of the gear holder 26. The real shaft 4 is thus biased only by the biasing 
force of the tension provider 8 so that the seat belt 3 is wound by the biasing 
force. After the predetermined period (a few seconds) from stopping the electric 
motor 40, the electric motor 40 is driven again to slowly rotate in the winding 
direction £ for a slight period of time, thereby completely winding up the seat belt 
3 onto the reel shaft 4. 

It should be understood that when the occupant restraint system is set in 
each mode, not to mention the comfort mode, it can provide the same actions as 
the conventional seat belt retractor as mentioned above, i.e. provide the actions 
of the seat belt lock 5, the deceleration sensor 6, and the pawl 10. 
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Though the belt tension is gradually reduced after reaching the first or 
second preset belt tension for setting in the warning mode or the emergency mode 
in the embodiment mentioned above, the belt tension may be held in the first and 
second belt tension during the warning mode or the emergency mode according 
to the present invention. In this case, the rotation of the electric motor 40 is 
suitably controlled by, for example, pulse controlling. 

Though there are four modes for the occupant restraint system in the 
embodiment mentioned above, the number of modes is not limited to this number. 
For example, the precautionary mode and the warning mode may be combined to 
one mode so that three modes are available for the occupant restraint system. 

Figs. 15A and 15B show another embodiment of the present invention. 
Fig. 15A shows a schematic partial view of the left side of a vehicle. Fig. 15B 
shows a sectional view taken along line XVB-XVB of Fig. 15A. It should be 
noted that the same components as the components of the aforementioned 
embodiment are numbered the same so that the detail descriptions for the same 
components will be omitted. 

An occupant restraint system for a vehicle according to this embodiment is 
a system for controlling a seat belt retractor corresponding to the condition of the 
vehicle relative to an object at the right or left side of the vehicle. As shown in 
Figs. 15A and 15B, the vehicle is provided with left and right object detection 
sensors 75, 76 which are disposed along opening edges for windows of left-side 
and right-side front doors 71 , 72 at the cabin side with respect to the windows 73, 
74, respectively. The left object detection sensor 75 detects an object at the left 
side of the vehicle and the right object detection sensor 76 detects an object at the 
right side of the vehicle. The left and right object detection sensors 75, 76 may 
be disposed to any other portions than the opening edges for the windows of the 
left-side and right-side front doors 71, 72, if only the left and right object 
detection sensors 75, 76 are allowed to detect objects at the left and right sides 
of the vehicle. 

The left and right object detection sensors 75, 76 may be structured the 
same as the front object detection sensor 43 for detecting an object in a front of 
the vehicle as shown in Figs. 7, 8A and 8B. It should be noted that though the 
description will be made using optical sensor, other object detector using, for 
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example, millimeter waves, ultrasonic waves, or image recognition may be 
employed as the left and right object detection sensors 75, 76. 

Though lamps of light sources and optical sensors of light receiving parts 
are not illustrated, these are connected to CPU 42 in the same manner as the 
lamps 49 of the light source and the optical sensor 52 of the light receiving part 
of the front object detection sensor 43 so that on and off of the lamps are 
controlled by the control signals from the CPU 42 and object detection signals 
from the optical sensors are transmitted to the CPU 42. 

In the occupant restraint system of this embodiment, three modes: a comfort 
mode; a warning mode; and an emergency mode are set for controlling the 
winding and unwinding of the seat belt 3. Winding forces set in the comfort 
mode, the warning mode, and the emergency mode are set in the same respective 
values as the winding forces in those modes for the seat belt 3 in consideration 
of the object in front of the vehicle as described with regard to Fig. 12. 
Conditions for setting the occupant restraint system in each of the aforementioned 
modes are set as shown in Table 1 as follows: 



Table 1 





Mode I 


Ssr < 5 


Emergency Mode 


5 < Ssr < e 


Warning Mode 


e 2S Ssr 


Comfort Mode 



Examples: & « 0.2 sec. e = 0.5 sec. 



Based on the value of the time period until collision Ssr corresponding to 
the condition of the vehicle relative to the object at a side of the vehicle, the 
occupant restraint system is set in the emergency mode when the time period until 
collision Ssr is less than the first preset value 6 sec. (e.g. 0.2 sec.), the system 
is set in the warning mode when the time period until collision Ssr is more than 
the first preset value 5 and less than the second preset value e sec., and the system 
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is set in the comfort mode when the time period until collision Ssr is more than 
the second preset value e sec (e > 5; e.g., e = 0.5 sec.) 

For obtaining the time period until collision Ssr, when an object is detected 
at a side of the vehicle, the relative distance Dsr and the relative speed Vsr 
between the vehicle and the detected object are first obtained. 

Then, the time period until collision Ssr is found using Expression 3 with 
these values Dsr and Vsr as follows: 

Expression 3 
Ssr = Dsr / Vsr 

Ssr: Time period until collision 

Dsr: Side direction relative distance 

Vsr: Side direction relative speed 

In this embodiment, the object detection signals from both of the left and 
right object detection sensors 75 > 76 are transmitted to the CPU 42 and it is 
decided that the system is set in which mode, by using OR of the left and right 
object detection signals. That is, when an object is detected at either left side or 
right side of the vehicle, not to mention at both sides, one of the modes to be set 
is decided according to the object detection signals. In case where objects are 
detected at both sides, when the comfort mode is decided for the condition 
between one of the objects and the vehicle and the warning mode or emergency 
mode is decided for the condition between the other object and the vehicle, the 
occupant restraint system is set in the warning mode or the emergency mode. 
Moreover, when the warning mode is decided for the condition between one of 
the objects and the vehicle and the emergency mode is decided for the condition 
between the other object and the vehicle, the occupant restraint system is set in 
the emergency mode. That is, when different modes are decided for respective 
sides, the occupant restraint system is set in a mode having greater belt tension. 

On the other hand, when no object is detected at both sides of the vehicle, 
both the side direction relative distance Dsr and the side direction relative speed 
Vsr are 0. In this case, the time period until collision Ssr can not be computed 
using Expression 3. In this embodiment, therefore, when no object is detected 
at both sides of the vehicle, the occupant restraint system is set in the comfort 
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mode- In other words, when both the relative distance Dsr and the relative speed 
Vsr are 0, the time period until collision Ssr is preset at a predetermined value 
y sec. more than the second preset value e (e.g. when e is 0.5 sec., 7 is 1.0 sec.). 

When an object is getting closer diagonally from a side to the vehicle, the 
components in the side directions of the vehicle are used as the side direction 
relative distance Dsr and the side direction relative speed Vsr in Expression 3 to 
obtain the time period until collision Ssr. Using the obtained time period until 
collision Ssr, the mode to be set for the occupant restraint system is decided based 
on the conditions shown in Table 1 in the same manner as mentioned above. In 
addition, for example, when an oncoming vehicle is running on the inner track 
of a curve during the vehicle is running on the outer track of the curve, the 
components in the side directions of the vehicle are used as the relative distance 
Dsr and the relative speed Vsr to obtain the time period until collision Ssr in the 
same manner as the case where the object is getting closer diagonally from a side 
to the vehicle. In this case, since there is a possibility that the oncoming vehicle 
gets closer significantly to the vehicle and the oncoming vehicle runs over the 
center line such as when the speed of the oncoming vehicle is relatively high, 
either one of the comfort mode and the emergency mode may be set for running 
at a curve. In other words, the occupant restraint system is set in the comfort 
mode when the time period until collision Ssr is more than the second preset 
value e, and the system is set in the emergency mode when the time period until 
collision Ssr is less than the second preset value e. There is some methods for 
detecting that the vehicle is running at a curve, for example, by detecting the 
angle of the steering wheel by a steering angle sensor. 

Moreover, when the vehicle and an oncoming vehicle just pass each other, 
the side direction relative speed Vsr is 0. Therefore, since the time period until 
collision Ssr is more than the preset value e according to Expression 3, the 
occupant restrict protection system is set in the comfort mode. 

Since the other structures, a belt tension controlling method, a control 
block, a control timing are the same as those of the aforementioned embodiment, 
the descriptions of them will be omitted. 

Fig. 16 is a perspective view partially showing another embodiment of the 
present invention. It should be noted that the same components as the components 
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of the aforementioned embodiment are numbered the same so that the detail 
descriptions for the components will be omitted. 

An occupant restraint system for a vehicle according to this embodiment is 
a system for controlling a seat belt retractor corresponding to the condition of the 
vehicle relative to an object behind the vehicle. As shown in Fig. 16, the vehicle 
is provided with a behind object detection sensor 79, for example, disposed on a 
rear bulk storage panel 77 at the cabin side with respect to the rear windshield 78. 
The behind object detection sensor 79 detects an object behind the vehicle. The 
behind object detection sensor 79 may be disposed to any other portion than the 
rear bulk storage panel 77, if only the behind object detection sensor 79 is 
allowed to detect an object behind the vehicle. 

The behind object detection sensor 79 may be structured the same as the 
front object detection sensor 43 for detecting an object in a front of the vehicle 
as shown in Figs. 7, 8A and 8B. It should be noted that though the description 
will be made using optical sensor, other object detector using, for example, 
millimeter waves, ultrasonic waves, or image recognition may be employed as the 
behind object detection sensors 79. 

Though lamps of light sources and an optical sensor of a light receiving part 
are not illustrated, these are connected to CPU 42 in the same manner as the 
lamps 49 of the light source and the optical sensor 52 of the light receiving part 
of the front object detection sensor 43 so that on and off of the lamps is controlled 
by the control signals from the CPU 42 and an object detection signal from the 
optical sensor is transmitted to the CPU 42. 

In the occupant restraint system of this embodiment, four modes: a comfort 
mode; a precautionary mode, a warning mode; and an emergency mode are set 
in the same manner as controlling the winding and unwinding of the seat belt 3 
in consideration of the object in front of the vehicle according to the embodiment 
described with regard to Fig. 12 and, winding forces are also set in the same 
values as the embodiment described with regard to Fig. 12. 

As shown in Fig. 17, in this embodiment, three conditions set for operating 
the occupant restraint system in the comfort mode are: (1) that no object is 
detected; (2) that a detected object never get closer; and (3) that even .when a 
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detected object tends to get closer, the occupant has enough time for avoiding the 
object, or the occupant is already avoiding the object. 

For deciding that one of the conditions of comfort mode is met, the CPU 
42 decides that no object detection signal is outputted from the behind object 
detection sensor 79, that the difference between the vehicle speed and the speed 
of the object i.e. the relative speed between the vehicle and the object is 0 or 
more, i.e. the relative speed 2: 0, if the object detection signal is outputted from 
the behind object detection sensor 79, or that no other mode is set. 

Two conditions set for operating the occupant restraint system in the 
comfort mode are: (1) that the occupant is wearing or taking off the seat belt 3; 
and (2) that, when a detected object tends to get closer during the vehicle runs at 
a speed higher than 10-20 km/h, the occupant has not enough time for avoiding 
the object. 

For deciding that one of the conditions is met, the first condition is judged 
by detecting whether the engagement between the tongue and the buckle is 
accomplished or released. That is, a detecting sensor is installed in at least either 
of the tongue or the buckle so as to judge whether the engagement between the 
tongue and the buckle is accomplished or released, by an output signal from the 
detecting sensor. 

On the other hand, the second condition is judged by deciding whether the 
vehicle speed Vs is higher than 10-20 km/h (Vs ^ 10-20 km/h). When it is 
decided that the vehicle speed Vs is higher than 10-20 km/h, the relative distance 
Dr and the relative speed Vr between the vehicle and the object in the front-rear 
direction are obtained from the object detection signal from the behind object 
detection sensor 79. Where the vehicle speed Vs is higher than the relative speed 
Vr and the relative speed Vr is positive (Vs > Vr > 0), (i) it is decided that the 
object is a following vehicle running in the same direction and the relative 
distance tends to be shorten, i.e. case of follow driving. In addition, where the 
vehicle speed Vs is less than the relative speed Vr, (ii) it is decided that the object 
is a stationary or an oncoming vehicle. 
In case of (i) above, i.e.. follow driving: 
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The safe distance Ds from the following vehicle when the vehicle is 
accelerated at the same acceleration a (for example 4-6 m/sec 2 ) is obtained by 
Expression 4 as follows: 
Expression 4 

Ds = Vs • Td - a ■ Td 2 + De 
Vs: Vehicle Speed 
Ds: Safe Distance between Vehicles 
Td: Response Delay of Driver (0.5-LO sec.) 
a: Preset Acceleration (e.g. 4-6 m/sec 2 ) 
De: First Preset margin Distance (e.g. 5m) 
When the relative distance Dr is less than the safe distance Ds (Dr < Ds), 
it is decided that the two conditions are met. 
In case of (ii) above, i.e.. stationary or onc oming vehicle: 

The safe distance Ds from the stationary or oncoming vehicle when the 
vehicle is accelerated at the same acceleration a is obtained by Expression 5 as 
follows: 
Expression 5 

Ds = Vs ■ Td - Vr 2 / 2a + De 
Vs: Vehicle Speed 
Ds: Safe Distance from object 
Td: Response Delay of Driver (0.5-1.0 sec.) 
a: Preset Acceleration (e.g. 4-6 m/sec 2 ) 
De: First Preset margin Distance (e.g. 5m) 
When the relative distance Dr is less than the safe distance Ds (Dr < Ds), 
it is decided that the two conditions are met. 

The condition for operating the occupant restrictive protection system in the 
warning mode is (1) that the detected object tends to get closer and immediate 
movement of the occupant to avoid the object is necessary. 

A method of deciding whether the condition for operating in the warning 
mode is met is substantially the same as the precautionary mode. The safe 
distance Ds is obtained using Expressions 4 and 5. When the relative distance Dr 
is less than the safe distance Ds, it is decided that the condition (1) is met. In this 
warning mode, however, a second preset margin distance (e.g. 2 m) shorter than 
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the first preset margin distance (e.g. 5 m) of the safe distance Ds for the 
precautionary mode is used instead of first preset margin distance used in 
Expressions 4 and 5 to obtain the safe distance Ds. 

The condition for operating the occupant restrictive protection system in the 
emergency mode is (1) that the occupant can not avoid a collision with the 
detected object. 

For deciding whether the condition js met, it is first decided whether the 
vehicle speed Vs is less than 10-20 km/h. When the vehicle speed Vs is less than 
10-20 km/h (Vs <£ 10-20 km/h), the relative speed Vr and the relative distance 
Dr between the vehicle and the object are obtained from the object detecting 
signal from the behind object detection sensor 79. On the other hand, a distance 
(Vr • Ts) converted with a predetermined completion time Ts (e.g. 0.3 sec.) of 
the system based on the relative speed Vr is obtained- There is a third preset 
margin distance De' (for example, 2m), then the sum (Vr ■ Ts + De') of the 
converted distance (Vr ■ Ts) of the completion time Ts and the third preset 
margin distance De' is obtained. Whether the object is a following vehicle or 
not, when the relative speed Vr is less than the sum (Vr • Ts + De') (i.e. Vr < 
Vr * Ts + De'), it is decided that the condition for the emergency mode is met. 

Since the operations for setting the occupant restraint system in the 
respective modes in this embodiment are the same as the operations in case of the 
object in front of the vehicle, and the other structures, a belt tension controlling 
method, a control block, a control timing are the same as those of the 
aforementioned embodiment, the descriptions of them will be omitted. 

Fig. 18 is a perspective view showing further another embodiment of the 
present invention, with parts being partially broken away, and Figs. 19A and 19B 
are views for explaining the operation of this embodiment. It should be noted that 
the same components as the components of the aforementioned embodiments are 
numbered the same so that the detail descriptions for the components will be 
omitted. 

An occupant restraint system for a vehicle according to this embodiment is 
a system for controlling a seat belt retractor when the vehicle is rolling over. A 
roll-over detecting sensor 80 (corresponds to a vehicle condition detector) as 
shown in Fig. 18 is built in the seat belt retractor or CPU 42. The roll-over 
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detecting sensor 80 may be disposed to other portion than the seat belt retractor 
or the CPU 42 if only the roll-over detecting sensor 80 is allowed to detect when 
the vehicle is rolling over. 

As shown in Fig. 18, the roll-over detecting sensor 80 comprises a standing 
weight 83 having a through hole 82 extending axially in the center thereof, a light 
emitter 84 emitting light (e.g. infrared ray as shown in a arrow) which is 
transmitted through the through hole 82 when the standing weight 83 stands up 
straight, and a light receiver 85 which is capable of receiving the light transmitted 
through the through hole 82 when the standing weight 83 stands up straight. 

The standing weight 83 comprises a large-diameter portion 83a of which 
section is circular and a small-diameter portion 83b of which section is also 
circular. The standing weight 83 is disposed to stand up in a casing 81 so that 
the large-diameter portion 83a is positioned above the small-diameter portion 83b. 
The light emitter 84 and the light receiver 85 are connected to the CPU 42. The 
light emitted from the light emitter 84 is controlled by cc 1 signals from the 
CPU 42 and the light received by the light receiver 85 is cc. ^rted to the electric 
signal and outputted to the CUP 42. 

The standing weight 83 is set to stand up straight as shown in Fig. 19A in 
the normal condition when the vehicle is not rolling over. When the standing 
weight 83 stands up straight, the optical axis f of the light emitter 84, the axis 77 
of a hole (not numbered) of the casing 81, the axis 77 of the through hole 82 of the 
standing weight 83, and the optical axis fof the light receiver 85 are all arranged 
in a line. Therefore, the light emitted from the light emitter 84 (as shown in 
arrows not numbered) is received by the light receiver 85 through the hole of the 
casing 81 and the through hole 82 of the standing weight 83. That is, when the 
light from the light emitter 84 is received by the light receiver 85, the vehicle is 
not rolling over so that the roll-over detecting sensor 80 detects non rolling over 
state of the vehicle. 

When the vehicle rolls over at an angle exceeding a predetermined angle, 
the standing weight 83 tilts largely until the large-diameter portion 83a of the 
standing weight 83 comes into contact with the casing 81 as shown in Fig. 19B. 
When the standing weight 83 is in this state, the axis 77 of the through hole 82 of 
the standing weight 83 is sifted from the optical axis f of the light emitter 84, the 
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axis tj of the hole (not numbered) of the casing 81, and the optical axis f of the 
light receiver 85 not to be arranged in a line. Since the light emitted from the 
light emitter 84 is transmitted along the through hole 82 of the standing weight 
after transmitted through the hole of the casing 81, the light is sifted from the 
optical axis f of the light receiver 85 so that the light is not received by the light 
receiver 85 as shown in an arrow 86. In other words, when the light from the 
light emitter 84 is not received by the light receiver 85, the vehicle rolls over and 
the roll-over detecting sensor 80 detects that the vehicle is rolling over. 

Moreover, in this embodiment, as shown in Fig. 20, even when the vehicle 
is not rolling over, the standing weight 83 tilts so that the light from the light 
emitter 84 is not received by the light receiver 85 when the centrifugal force of 
the vehicle turning sharply at a curve exceeds a predetermined value, when the 
inertial force of emergency braking of the vehicle exceeds a predetermined value, 
or when the impact force of a collision from any directions exceeds a 
predetermined value. 

Since the other structures, a belt tension controlling method, a control 
block, a control timing are the same as those of the aforementioned embodiments, 
the descriptions of them will be omitted. 

In this embodiment, the standing weight 83 is set not to tilt even when the 
vehicle ascends or descends a steeply slanting slope or even when the vehicle 
turns a curve having a significant cant tilting largely. In this way, the occupant 
restraint system is prevented from being set in the emergency mode unnecessarily. 
However, the standing weight 83 may be set to tilt even such cases mentioned 
above. In this case, the occupant restraint system is set in the emergency mode 
even when the vehicle tilt largely like the above cases, thereby further securely 
restraining the occupant by the seat belt. 

Though, in this embodiment, the small-diameter portion 83b of the standing 
weight 83 is formed to have a circular section, the small-diameter portion 83b 
may be formed to have a section of various shapes such as ellipse, square, 
rectangle, and polygon. In this case, when the small-diameter portion 83b is 
formed to easily allow the standing weight 83 to tilt in a predetermined direction, 
the roll-over detection sensor 80 can provide a high detection sensibility in the 
predetermined direction. Therefore, it is possible to change the mode of the 
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occupant restraint system according to the direction of the vehicle, thereby 
providing further delicate control. 

Though, in the above embodiments, the belt tension is controlled 
corresponding to only one of the conditions such as the condition of the vehicle 
relative to an object in front of or behind the vehicle, the condition of the vehicle 
relative to an object at the right or left side of the vehicle, or the condition of the 
vehicle, the belt tension may be controlled corresponding a plurality of conditions 
among the above conditions, according to the present invention. In this case, the 
belt tension is controlled using OR of a plurality of modes which are set based on 
the plurality of conditions. When a plurality of modes set for the same period 
provide different tensions, a mode providing greater belt tension is selected to 
perform the belt tension control. 

Furthermore, the reel shaft 4, the seat belt lock 5, deceleration sensor 6, 
and the tension provider 8 used in the seat belt retractor in the above 
embodiments may be of other conventional types. When the reel shaft 4 is 
controlled upon measuring the winding rate of the webbing of the reel shaft 4 and 
the deceleration of the vehicle in the normal condition by the electric motor 40, 
the central processing unit 42, the object detector, the deceleration sensor 6 and 
the tension provider 8 can be omitted. 

Though, in the above embodiments, the belt tension control mechanism 7 
comprises the electric motor 40, the first gear transfer mechanism 38, the drive 
side gear clutch 30, the driven side gear clutch 32, and the second gear transfer 
mechanism 39, according to the present invention, the belt tension control 
mechanism 7 is not limited to this and may be comprise a motor, for example an 
ultrasonic motor disclosed in Japanese Laid-Open Patent No. 59-122385/1984, 
which is controlled by the CPU to stop to prevent the rotation of the reel shaft 4 
during the electricity is off even wherf the reel shaft 4 is applied with a rotational 
force less than a predetermined value, and to rotate to directly rotate the reel shaft 
4 during the electricity is on. The seat belt lock 5, the deceleration sensor 6, the 
tension provider 8, and the gear transfer mechanism can be omitted by using such 
a motor. 

As apparent from the above description, according to the present invention, 
the occupant restraint system controls the seat belt retractor in consideration of 
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the condition of the vehicle relative to a nearby object and/or the condition of the 
vehicle whether the vehicle is rolling over, is braking hard, or is turning sharply, 
thereby controlling the belt tension of the seat belt to a predetermined value 
depending on the conditions as mentioned above. Therefore, it is capable of 
protecting the occupant more efficiently and conformably in an emergency. 

Particularly, a predetermined number of modes are set depending on the 
condition of the vehicle relative to nearby objects and preset values of the belt 
tensions are set for each mode, thereby more delicately and easily protecting the 
occupant in an emergency. 
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CLAIMS: 



1 • A vehicle occupant restraint system for protecting an occupant by 

preventing the unwinding of a seat belt when necessary, using a seat belt retractor 
comprising a reel shaft on which the seat belt is wound up, a frame supporting 
both ends of the reel shaft in such a manner that the shaft can rotate freely, and 
a lock located between the frame and the reel shaft which permits the reel shaft 
to rotate in normal conditions but prevents the reel shaft from rotating to unwind 
the seat belt when necessary; wherein the occupant restraint system further 
comprises: 

a belt tension control mechanism controlling the rotation of the reel shaft; 

a vehicle condition detector which detects the condition of a vehicle 
regarding whether said vehicle is rolling over, a brake of the vehicle is pressed 
hard, or the vehicle is turning sharply; and 

a central processing unit which determines the condition of the vehicle 
based on a detection signal from said vehicle condition detector and controls said 
belt tension control mechanism based on a result of the determination, to control 
the belt tension of the seat belt to a predetermined tension corresponding to the 
condition of the vehicle. 

2. A vehicle occupant restraint system as claimed in claim 1 wherein 
a predetermined number of modes are set depending on the conditions of the 
vehicle, and preset values of said belt tension are set for each mode. 

3 . A vehicle occupant restraint system as claimed in claim 2 wherein 
said modes comprise at least a comfort mode where the preset value of said belt 
tension is set at approximately 0, a precautionary mode where the preset value of 
said belt tension is set at a first predetermined level, and a warning mode where 
the preset value of said belt tension is set at a second predetermined level greater 
than the first predetermined level. 
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4. A vehicle occupant restraint system as claimed in claim 2 wherein 
said modes comprise at least a comfort mode where the preset value of said belt 
tension is set at approximately 0, a precautionary mode where the preset value of 
said belt tension is set at a first predetermined level, a warning mode where the 
preset value of said belt tension is set at a second predetermined level greater than 
the first predetermined level, and an emergency mode where the preset value of 
said belt tension is set at a third predetermined level greater than the second 
predetermined level, are set as said predetermined number of modes. 

5. A vehicle occupant restraint system as claimed in claim 1 wherein 
said belt tension control mechanism comprises a motor controlled by the central 
processing unit and a gear transferring mechanism for transferring the driving 
force of said motor to the reel shaft. 

6 • A vehicle occupant restraint system as claimed in claim 1 wherein 

said belt tension control mechanism comprises a motor, such as an ultrasonic 
motor, which is controlled by said central processing unit to stop rotating thereby 
preventing the rotation of said reel shaft when the electricity is off, even when 
said reel shaft is applied with a rotational force lower than a predetermined value, 
and to rotate said reel shaft when the electricity is on. 
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